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Introduction
Humans differ in their ability to negotiate social situations. While some effortlessly pick up verbal and non-verbal social signals, others struggle with this task, which can affect how they are perceived by others. The identification of many social signals depends on the capacity to experience empathy. Though empathy is a multi-facet construct and multiple different definitions exist (see (Davis, 1994; Decety & Jackson, 2004; Wiseman, 1996) , many psychological theorists (e.g., (Davis, 1983; Deutsch & Madle, 1975 ) divide empathy into a cognitive component (i.e. the ability to use social cues to identify the mental states of other persons) and an emotional (or affective) component (i.e., the tendency to react emotionally to the emotions of others). Both components are prerequisites to successful social interaction. Social communication typically includes subtle (often non-verbal) social signals, such as facial expressions. Cognitive empathy allows one to pick up these cues and interpret them according to one's own theory of mind. Emotional empathy (or emotional reactivity, (Lawrence et al., 2004) ) is not necessarily required to understand social situations, but it is believed to be helpful, and individuals failing to demonstrate (appropriate) emotional reactions during a conversation are likely to be perceived as cold or indifferent.
giver's face) are better able to recognize social signals (eye gaze, emotional expressions) as cues of future events, and that this mechanism helps them to develop distinct representations of self-and others (Parlade et al., 2009; Vaughan Van Hecke et al., 2007) .
At the opposite extreme, diminished social interest is thought to play an important role in the social disconnection typical of children with autism spectrum disorders (ASD; (Chevallier et al., 2012; Dawson et al., 2012; Dawson et al., 2005; Grelotti et al., 2002; Kohls et al., 2012; Schultz, 2005; Schultz et al., 2000) . Recent data indicate that social reward processing deficits in individuals with ASD may be associated with abnormal patterns of brain activity, particularly in brain areas involved in processing rewards (Dichter et al., 2011; Dichter et al., 2012; Kohls et al., 2011; Kohls et al., 2012; Lin et al., 2012; Scott-Van Zeeland et al., 2010) .
In contrast, little is still known about how social interest relates to social proficiency in typically developed individuals. Kohls et al. (2009) found preliminary evidence in children for a correlation between performance during a social reward task and levels of empathy ). Sims et al. (2012) demonstrated that associating reward with different faces in a conditioning paradigm amplified the extent to which participants automatically mimicked happy facial expressions with their own face (facial mimicry). Interestingly, this effect was restricted to individuals with high levels of social proficiency, suggesting a link between reward processing and empathic reaction that is modulated by individual differences in social proficiency (Sims et al., 2012) . Here, we set out to explore if evidence for a relationship between sensitivity to social reward and social proficiency can be identified at brain level. Sensitivity to the rewarding component of social stimuli has been found to be reflected by activation of the mesolimbic reward system during viewing or anticipation of social stimuli (Aharon et al., 2001; Rademacher et al., 2010; Spreckelmeyer et al., 2009; Strathearn et al., 2009) .
Moreover, during perception of positive social stimuli (happy faces) activation of the reward system, i.e. the ventral striatum, has been shown to be correlated to individual trait empathy in adults (Chakrabarti et al., 2006) . To our knowledge, no imaging study has yet tested for a link between activation of the reward system during anticipation of social stimuli and social proficiency. Here, we addressed this question by comparing neural responses in individuals rated high versus low in empathy during processing of cues that are predictive of social versus non-social (monetary) reward. Our primary index of empathy was the empathy quotient (EQ; ( Baron-Cohen & Wheelwright, 2004) , a scale that attempts to quantify self-experienced social proficiency based on self-assessment with regard to both components of empathy (labeled cognitive empathy and emotional reactivity) as well as social skill.
The main target of our functional brain activation analysis was the nucleus accumbens (NAcc). The NAcc has been found to be recruited by cued anticipation of different types of reward, including social reward (Kirsch et al., 2003; Knutson et al., 2001a; Knutson et al., 2003; O'Doherty et al., 2002; Rademacher et al., 2010; Spreckelmeyer et al., 2012) . Extent of NAcc activation during reward anticipation was found to increase with expected reward value (Knutson et al., 2001a; Spreckelmeyer et al., 2009) and to vary as a function of subjective preference (Clithero et al., 2011; Kim et al., 2007; O'Doherty et al., 2006) . Therefore, NAcc activation in response to rewardpredicting cues can be interpreted as an indicator of the reward's motivational salience, possibly reflecting the individual's positive affect at the prospect of gaining that particular reward (Knutson & Greer, 2008) . With regard to our study, we hypothesized that individuals with high EQ are more likely to be positively aroused by the prospect of perceiving a social reward than individuals with low EQ-level, and therefore show higher reward-related neural response in the NAcc. In order to maximize the reward value and the ecological validity of the social reward stimuli, we used video clips of individuals showing strong signs of social approval.
Previous imaging results from individuals with ASD suggest aberrant reward processing across a variety of incentive types . However, for individuals without ASD, there is little evidence that limited social proficiency is associated with a diminished response to rewards. To test if EQ-score selectively modulated reward processing of social cues we included monetary reward as a comparison condition.
Experimental procedures

Participants
Thirty-five healthy men were included in the study, 15 of whom constituted the high-EQ group (mean age (+/-SD) = 23.47 +/-2.33 years) and 20 the low-EQ group (mean age (+/-SD) = 24.70 +/-5.96 years). The study sample was constrained to men in order to control for sex effects that are evident in trait empathy (Baron-Cohen & Wheelwright, 2004) .
Additionally, it was requisite to self-identify as heterosexual, so that variance with regard to individual preference of the social stimuli was reduced (all social videos depicted females). All participants were selected based on their score on a shortened internet version of the Empathy-Quotient questionnaire (German version of the EQ; ( Baron-Cohen & Wheelwright, 2004) . Participants were selected from a total sample of 464 men who responded to study advertisements (i.e. flyers, hand-outs and online ads). Participants scoring below the 20th and above the 80th percentile in the short version of the questionnaire were invited to the lab where their EQ was validated with the full version of the EQ questionnaire. The cut-off values of EQ ≥ 50 for individuals in the high EQ-group and <30 for the low-EQ group, respectively, were selected to ascertain individuals ranking below the 15th or above the 85th percentile within the population (Baron-Cohen & Wheelwright, 2004) .
The mean EQ (+/-SD) of the high-EQ group was 57.27 +/-6.49 (range 50 -72); the mean EQ of the low-EQ group was 21.05 +/-6.70 (range 8 -29). All participants were righthanded non-smokers who had no neurological or psychiatric history. None of the participants were taking psychotropic medication or had any neurological or psychiatric history (as assessed by the Structured Clinical Interview for DSM-IV Personality Disorders). Two participants in the low-EQ group scored above the clinical cut-off score for ASD of 32 on the autism-quotient questionnaire and had previously undergone clinical examination for ASD without fulfilling the diagnostic criteria (according to DSM IV). The study was approved by the Ethics Committee of the Medical Faculty of the RWTH Aachen University. Participants gave written informed consent and were compensated for their participation.
Personality questionnaires
The Empathy Quotient questionnaire (Baron-Cohen & Wheelwright, 2004) consists of 60 questions (40 related to empathy and 20 filler items). Extensive research has revealed a continuous distribution of EQ in both, Western (Berthoz et al., 2008; Lawrence et al., 2004; Von Horn et al., 2010; Wakabayashi et al., 2007) and Eastern societies (Kim & Deficits in social processing, especially in ASD, have been associated with difficulties in facial expression recognition (Barton et al., 2007; Schneider et al., 2012, in press; Tanaka et al., 2012; Weigelt et al., 2012) . To account for this possibility, all participants completed the 'Films facial expression recognition test' (FFERT, (Banissy et al., 2011) . In this task, participants are required to match one of three facial expressions to a previously presented emotional adjective (e.g. 'disdainful', 'pleased', 'uneasy'). Performance was assessed via accuracy and response time.
FMRI study design
The fMRI experiment consisted of a monetary and social incentive delay task ( Figure 1 ) modified from Spreckelmeyer et al. (2009) . The main alteration to the original version was the utilization of dynamic stimuli, i.e. video clips, rather than static pictures, in order to create a more naturalistic and ecologically valid context for the task. The experiment was tailored to examine the neural correlates of reward anticipation based on the work by Knutson and colleagues (see Knutson & Greer, 2008 , for a review).
Immediately after seeing a visual cue, participants had to respond within a certain time window in order to gain reward. Cues informed the participant whether reward could be gained (reward trials, prompted by a circle) or not (control trials, prompted by a triangle).
In the social reward condition (SR), a sufficiently fast response (hit) in a reward trial resulted in seeing a video of a woman smiling warmly, nodding her head affirmatively and gesturing social approval by making a 'thumbs up' gesture with her right hand (approval mode, see exemplary stimuli in supplementary material Supplement 1). If the participant reacted too slowly (miss) the video showed a woman with a neutral facial expression who just looked at the participant without showing any gestures (neutral-face mode). In social control trials, the outcome video showed a woman wearing headphones who had her eyes closed and snapped her fingers to an imaginary beat (listening-to-music mode).
This scenario was chosen as control stimulus because the amount of body movement is comparable to that of the social reward clips. Yet, the reward value is diminished, because it is obvious to the participant that the person on the video is disengaged.
In the monetary reward condition (MR), hits were followed by a video of two euro coins dropping into an opened wallet, whereas misses were followed by a video clip of a slowly closing empty wallet. In control trials, outcome consisted of a video showing confetti falling into an open wallet. Participants were informed that their performance had no (positive or negative) influence on the compensation they received for participation.
SR-and MR-condition were presented in two separate blocks with block order pseudo-randomized and counter-balanced across participants. At the beginning of the experiment the participants were informed about the order of conditions. In both outcome conditions (SR or MR), receiving a reward in the reward trials (n per condition = 40) depended on participants' ability to respond quickly enough to a cued target symbol (white square). Performance was irrelevant in the control trials (n per condition = 40).
However, participants were encouraged to respond as fast as possible to all cued targets.
In order to ensure an approximately equal number of positive outcome events (i.e. reward) across subjects, task performance level was standardized to approximate an equal number of hits in about two thirds of the reward trials for all participants. To that end, the time interval to respond to the target was adjusted to individual reaction times dynamically, trial-by-trial. Starting from the individual's mean reaction time during the practice session prior to scanning, target duration was shortened by 20 ms every time the participant gained three hits in a row, or extended by 20 ms when two consecutive trials resulted in a miss. Thus, performance level was kept comparable across individuals (at ~62%, see Table 1 ) by increasing or lowering difficulty in a step-wise manner, depending on individual's ongoing performance. Measures of reaction times provided an estimate of motivation for the different trial types.
Stimulus presentation and recording of reaction times were performed using the software Presentation (Neurobehavioral Systems, Inc., San Francisco, CA). Participants indicated their response by pressing the button of a fiber-optic response box with the index finger of their right hand. Prior to entering the scanner, participants performed a practice session composed of 6 trials per condition (SR, MR). After scanning, participants rated the perceived reward value of the monetary and the social videos on a 7-point scale from 'not rewarding at all' to 'very rewarding'.
Experimental design
Figure 1 depicts the details of the experimental setup. The monetary reward condition (MR) and the social reward condition (SR) were presented blockwise with order of blocks counter-balanced across participants. For both reward types (SR and MR), each trial started with the presentation of one of the two cues for 250 ms, followed by a delayed anticipation period for a variable length of time (jittered between 2250 and 2750 ms), followed by the target (individually adjusted presentation time between 150 and 450 ms). Outcome videos were presented for 2000 ms starting 500 ms after target onset. Cue types (n per condition = 40) were pseudo-randomly ordered within SR and MR blocks, each with inter-trial intervals jittered between 2500 and 5000 ms resulting in a mean trial duration of ~9400 ms, and also including a 12 sec pause after 40 trials.
Outcome stimuli
In the SR-condition, videos of 20 female actors in three different gesture modes (i.e. 60 videos) served as outcome stimuli (see exemplary stimuli in supplementary material Supplement 1). The order of photos from different actors was pseudorandomized to avoid anticipation effects. The video stimuli were selected from a large set of validated videos recorded and evaluated at the Center for Autism Research, The
Children's Hospital of Philadelphia (GK, RTS). Video clips in the MR condition were generated by author AG and processed using Photoshop Professional and AviDemux 2.5 (http://www.avidemux.org/). Selection of video stimuli for the present study was based on two prior experiments where male subjects were asked to rate how authentic they thought the women on the social video clips behaved and how rewarding the SR and MR video clips were perceived, respectively (for detailed explanation, see Supplements 2).
Based on these ratings, SR and MR videos were matched for their reward value. This procedure resulted in a final set of 60 video clips (i.e. 20 different actors showing 3 different modes of action: approval (= hits), neutral face (= miss), listening to music (= control) in the SR-condition, and a set of three MR-videos (hit, miss, control).
Data Acquisition and Analysis
Behavioral data
Reaction times were analyzed using a repeated measures ANOVA (rm-ANOVA) with 'condition' (SR vs. MR) and 'cue type' (reward cue vs. control cue) as the withinsubjects factor, and 'group' (high-EQ vs. low-EQ) as the between-subjects factor.
Subjectively perceived reward value of the outcome stimuli was derived from post-scan ratings and analyzed in a 2 x 3 x 2 rmANOVA with the factors 'condition' (SR vs. MR), 'outcome' (hit, miss, or control), and 'group' (high-EQ vs. low-EQ). The Huynh-Feldt epsilon correction was used to correct for non-sphericity. Paired t-tests were used for post hoc analyses. Effect sizes are reported using partial η 2 .
Group differences in self-report measures (TCI subscales, alexithymia, autismquotient (AQ), and LSNS subscores family and friendship) were tested using unpaired Student's t-tests.
fMRI data
Images were acquired on a 3 Tesla Siemens® Trio MR scanner at the RWTH Aachen University, equipped with echo planar imaging (EPI) capabilities using a standard head coil for radio frequency transmission and signal reception. For each participant, two series of 360 EPI scans covering the whole brain were acquired, with each series lasting Images were preprocessed and analyzed using Statistical Parametric Mapping (SPM8; University College, London). The first three volumes were discarded to allow for T1 equilibration effects. Functional images of both tasks were realigned, normalized and resliced to a final voxel size of 2 x 2 x 2 mm, and smoothed with an isotropic 6-mm full-width half-maximum Gaussian kernel. Before model estimation, a high-pass temporal filter of 128 s was applied (Ashburner & Friston, 2005) .
A mixed effects General Linear Model (Friston et al., 1995; Josephs et al., 1997) was used for a two-level statistical analysis. In the first stage, blood-oxygen level dependent (BOLD) responses were modeled by delta functions at stimulus onset, which were then convolved with a standard hemodynamic response function (HRF). For each subject, the SR and the MR condition was modeled individually with five regressors.
Anticipation was modelled by convolving a delta function (at anticipation onset = presentation of the cue) for each of the 2 cue types, and outcome was modeled by convolving the delta function (outcome onset = start of the video) for each of 3 possible feedback conditions (hit, miss, control). Thus, ten regressors were modeled for each subject: 4 for the anticipation phase (social reward, social control, monetary reward and monetary control) and 6 for the outcome phase (hit, miss, or control video) in the SR or MR condition, respectively. In addition, six movement parameters derived from the realignment procedure were included as additional regressors, as well as one regressor of no interest, modeling the duration of the pause between the SR and the MR block.
To address the question if incentive salience processing can be linked to individual social proficiency, the second-level analysis was constrained to the anticipation phase. We defined the onset of the anticipation phase as the time point when the cue appears on the screen to inform the participant about the potential outcome of the trial. A 2 x 2 x 2 full-factorial design for voxel-wise comparisons across subjects was applied, including the factors 'group' (high-EQ vs. low-EQ), 'condition' (SR vs. MR) and 'cue type' (reward cue vs. control cue). Results of the whole-brain random effects analyses were corrected for multiple comparisons (family-wise error corrected, p (FWE) < 0.05) on cluster level by setting a minimal cluster-size of 22o continuous voxel on p(unc.) < 0.001 voxel level (cluster-size was determined using the CorrClusTh-program (http://www.sph.umich.edu/~nichols/JohnsGems5.html)). Coordinates of significant local maxima are reported in a standard stereotaxic reference space (MNI, Montreal
Neurological Institute) and functional overlays are displayed on the MNI template image.
In addition, and in accordance with our hypothesis that group effects would modulate the fMRI BOLD-response in the NAcc, small volume corrections (FWE-corrected p < 0.05) were performed for a priori defined regions of interest (ROI) of the right and left
NAcc. The combined ROI-mask of the bilateral NAcc was defined based on anatomical masks of the right and left NAcc (derived from the Harvard-Oxford Atlas) and applied to the data using the ROI toolbox of the WFU pick atlas utility (Lancaster et al., 2000; Maldjian et al., 2003) .
To understand the nature of potential interaction effects, statistical analyses of fMRI activations were conducted on parameter estimates extracted from peak voxels. A
Behavioral results
Personality scores
The group-specific means and standard deviations of the questionnaires are listed in Table 1 . Groups differed significantly on all three sub-factors of the EQ, with the low-EQ group scoring lower than the high-EQ group with regard to 'cognitive empathy', 'emotional reactivity', and 'social skill' (all p < 0.001). Furthermore, the low-EQ group reported more difficulties describing own and others' feelings (i.e. high alexithymia scores), scored lower on TCI (social) reward dependence, and cooperativeness, but scored higher on the autism-quotient (all p < 0.001) and the TCI harm avoidance scale (p < 0.01). No significant group differences were found with regard to social rejection sensitivity, or on the TCI-dimensions novelty seeking, persistence and self-directedness.
With regard to the social network scale, significantly lower values in the friendships category were reported by the low-EQ than the high-EQ group (p < 0.001), indicating that subjects with low EQ establish fewer and less intimate peer-relations. No such difference was observed for family bonds.
-----------insert Table 1 here -----------------
Films facial expression recognition test
Groups did not differ in their accuracy or reaction time on the FFERT (p > 0.05, see Table   1 ).
Incentive delay task -behavioral performance
Subjects were very successful in responding quickly enough to the target symbol, pressing the button too early or not at all in less than 4% of all trials in both, SR and MR conditions, in both groups ( Table 2 ). The adaptive manipulation of the hit rate (i.e. individual adjustment of the target time window) resulted in similar hit rates (of ~ 62%) in both, the SR and MR condition, in both groups (Table 2 , all p > 0.05).
-----------insert Table 2 here -----------------
Reaction times for hits
Statistical analysis of reaction times showed a main effect of 'cue type' (F(1,33) = 43.73; p < 0.001; η 2 = 0.57), reflecting faster reaction times for potential reward outcome as compared to control outcome (Figure 2 , p < 0.001). Further, a main effect of 'condition' was found (F(1,33) = 100.63; p < 0.001; η 2 = 0.75), reflecting faster reaction times if a monetary outcome video was anticipated than if a social outcome video was expected (p < 0.001). The interaction of 'condition x cue type' (F(1,33) = 15.50; p < 0.001, η 2 = 0.32) indicated that, although responses were faster for reward than control trials for both conditions (slower reactions to social control cues than to monetary control cues (286 (±26) vs. 247 (±22) ms, p < 0.001 and to social reward cues than to monetary reward cues (262 (±20) vs. 240 (±25) ms, p < 0.001)), the reaction time difference was more pronounced in the social than in the monetary condition. No main effect of 'group' (F(1,33) = 0.82; p = 0.37) or interaction effects were found ('group x condition': F(1,33) = 0.91; p = 0.35 , 'group x cue type': F(1,33) = 1.34; p = 0.25 and 'group x condition x cue type': F(1,33) = 0.14; p = 0.71).
Rating of subjectively perceived value of outcome stimuli
A three-way ANOVA on mean ratings of the individual video clips revealed a main effect of 'outcome' (hit, miss, control) (F(2,66) = 247.97, p < 0.001; η 2 = 0.88). Hit clips (social approval video or money falling into wallet) were perceived as significantly more rewarding than miss clips (neutral face video or empty wallet; p < 0.001) or control stimuli (listening-to-music-video or confetti falling into wallet; p < 0.001), independent of condition (SR or MR). No main effects of the factors 'group' or 'condition' were found (both p > 0.05). Mean ratings for the social hit-outcome videos did not significantly differ from ratings of the monetary hit-outcome videos (p > 0.05). However, miss outcome in the MR-condition was rated as less rewarding than in the SR-condition (p < 0.001), and control outcome in the SR condition was rated less rewarding than in the MR condition (p < 0.001) ('condition x outcome' interaction: (F(2,66) = 21.82, p < 0.001; η 2 = 0.40)). A
'group x outcome' interaction (F(2,66) = 3.54, p = 0.035; η 2 = 0.10) could be linked to group differences for rating the miss-videos. High-EQ participants rated miss videos as less rewarding than low-EQ participants (p = 0.012, Figure 3 ). No three-way interaction of 'group x outcome x condition' (F(2,66) = 2.28, p = 0.11) was detected.
----------insert Figure 3 
Imaging results
Main effects of cue type (anticipated reward vs. control)
Whole-brain analyses of the main effect of cue type (i.e. reward vs. control, collapsed across MR and SR conditions) revealed several brain areas that were recruited during reward anticipation, including bilateral NAcc, midbrain/ ventral tegmental area (VTA), thalamus, left insula, and left amygdala (p (FWE) < 0.05, see Table 3 ).
Main effect of condition (anticipated monetary vs. social outcome)
Whole-brain comparisons between anticipated social vs. anticipated monetary outcome (i.e. main effect of 'condition') showed significantly greater activation of a region spanning the right temporoparietal junction (TPJ) and superior temporal sulcus (peak activation: x = 50, y = -36, z = -6, p (FWE) < 0.05) during anticipation of social compared to monetary outcome ('social reward -social control > monetary rewardmonetary control', see Table 3 ). The TPJ has been implicated in the attribution of mental state information to other people (Van Overwalle & Baetens, 2009), and has previously been found to be activated during social reward anticipation (Spreckelmeyer et al., under review; Spreckelmeyer et al., 2012) . Additional clusters were located in the right inferior frontal cortex and in bilateral primary visual fields extending into the cuneus region of the right hemisphere. The reverse contrast, anticipation of monetary compared to social outcome ('monetary reward -monetary control > social reward -social control'), yielded increased activation of higher-order visual processing areas, i.e. BA 18 and lingual gyrus.
----------insert Table 3 here
Main effect of group
No main effect of 'group' was found in any reward related brain regions. The only significant group difference was detected in the left visual ventral stream (peak activation: x = -34, y = -70, z = -10, p (FWE) < 0.05) when contrasting low-EQ > high-EQ (see Table 3 ).
Interaction of condition x group
The only significant interaction on whole-brain level was found in the left visual ventral stream for the contrast 'high > low EQ in social > monetary condition' (peak activation: x = -32, y = -94, z = 12, p (FWE) < 0.05).
----------insert Figure 4 here
Interaction of condition x cue type x group in the NAcc
At the whole-brain level, no three-way interaction survived our correction threshold. However, in line with our hypothesis, testing for an interaction effect of 'group
x condition x cue type' in the a priori defined ROI of the bilateral NAcc revealed significant activation in the right NAcc (peak activation: x = 14, y = 16, z = -8, p (FEW) < 0.05; see Table   3 and Figure 4a ). Follow-up-analyses on parameter estimates extracted at peak activation ( Figure 4b ) revealed that activation in response to cues of social reward was significantly higher in the high-EQ than the low-EQ group (p = 0.011). In contrast, NAcc activation to cues of monetary reward was stronger in the low-EQ than the high-EQ group (p < 0.014).
No group differences were observed for control cues (p > 0.05). The direct comparison of NAcc activation during anticipation of social versus monetary reward within each group by guest on November 7, 2016 http://scan.oxfordjournals.org/ Downloaded from showed that, in the low-EQ group, cues of social reward yielded significantly less activation than cues of monetary reward (p < 0.019), whereas in the high-EQ group, the opposite pattern was observed: cues of social reward elicited a greater response than cues of monetary reward (p < 0.024).
For the interested reader we included statistical whole-brain maps of the condition specific reward contrasts for the high-EQ and the low-EQ group, respectively, at an uncorrected level of p < 0.001 ( Figure 5 and Supplement 3). Please note that these contrasts are only meant to illustrate differential patterns of activation between conditions within each group but do not necessarily reflect quantifiable differences between conditions or groups.
----------insert Figure 5 here -------------------------
Discussion
The present study provided evidence that individual differences in social proficiency are related to activation differences of reward systems in the brain. In line with our hypothesis, we found a significant group -by -reward type -(by -cue type)interaction in the right NAcc, reflecting diminished NAcc-activation during processing of cues that were predictive of social reward compared to cues of monetary reward in men with low social proficiency (measured via the EQ), while the opposite pattern emerged in the other group: Men with a high EQ showed significantly greater NAcc activation during anticipation of social compared to monetary reward.
NAcc activation during reward anticipation has been suggested to reflect positive affect at the prospect of receiving reward (Knutson & Greer, 2008) . Further, differences in NAcc activation during anticipation of different types of reward have been interpreted as reflecting varying degrees of incentive salience associated with these rewards (Kirsch et al., 2003; Spreckelmeyer et al., 2009) . We therefore suggest that the observed group differences in NAcc activation patterns during anticipation of social vs. monetary reward in our sample reflects group-specific differences in the perceived salience to social vs.
non-social rewards. This finding is in line with our expectation that self-reported social proficiency correlates with sensitivity towards the motivational value of social stimuli.
Data from developmental psychology suggests that early differences in social interest may account for differences in social skills and social competence later in life (Parlade et al., 2009; Vaughan Van Hecke et al., 2007) , and that a lack of social interest in young infants may be responsible for severe social impairments in developmental disorders such as ASD (Dawson et al., 2005; Mundy & Neal, 2000; Schultz, 2005; Schultz et al., 2000) . Specifically, it has been suggested that the heightened attention paid to social stimuli (i.e. social interest) results in the specialized processing of these stimuli (Grelotti et al., 2002; Mundy & Jarrold, 2010; Schultz et al., 2000) . According to this account, reduced social interest results in less specialized processing of social cues and hampers social ability (reviewed by Chevalier et al. 2012 and Dawson et al., 2012) . This account predicts that even in adulthood, low social interest is associated with low social proficiency. We provide support for this assumption by showing that reward related NAcc-activation during anticipation of social reward is blunted in individuals with selfreported low social proficiency relative to participants with self-reported high social proficiency.
However, it must be kept in mind that the present findings are correlational.
Hence, it cannot be ruled out that the causality is inversed, i.e. that participants with low social proficiency are less motivated to approach social stimuli because of a negative learning trajectory whereby previous social encounters were unrewarding for them (ostensibly as a consequence of their social deficits). However, such an interpretation would predict greater rejection sensitivity in the low-EQ group than the high-EQ group, which was not found in our sample (as measured by the Rejection Sensitivity Questionnaire). Also noteworthy, both groups rated the social stimuli as equally rewarding and showed no difference in behavioral measures of motivation; it is therefore unlikely that participants in the low-EQ group were trying to avoid social stimuli. The fact that groups did not differ in their rating of the outcome stimuli is in discordance with the effects on the neural level. However, ratings of stimuli are more likely to be subject to social desirability effects than neural responses to reward predictive cues. Moreover, preference ratings are believed to capture the 'liking' component of face reward processing more than the 'wanting' component. Hence, it is possible that individuals with low-EQ feel the same pleasure when seeing a smiling face as individuals with high-EQ but do not have the same urge to orient to social stimuli.
While NAcc activation to social cues was more pronounced in the high-EQ group, men in the low-EQ group showed greater NAcc activation than men in the high-EQ group during anticipation of monetary incentives. This finding speaks against a general deficit in incentive processing in the low-EQ group. Instead, this interaction indicates that the incentive salience of social stimuli in particular was attenuated in men with low EQ-scores.
It has been suggested that insensitivity to the rewarding component of social stimuli may arise from deficits already at the level of face perception (Grelotti et al., 2001) . For example, ASD patients show behavioral deficits in face recognition and identification (Joseph & Tanaka, 2003; Klin et al., 1999; Wolf et al., 2008) . Though participants in our low-EQ group scored significantly higher than the high-EQ group on the alexithymia scale, indicating difficulties in recognizing their own emotions, they performed equally well in the (emotional) facial expression recognition test. Hence, it seems unlikely that reduced reactivity to cues of social reward followed from difficulties in recognizing the facial expressions of the social stimuli.
The present study has some limitations that should be addressed in future research. One limitation is that we only collected data from individuals scoring at the extreme ends of the EQ-dimensions. Future studies need to cover the entire spectrum of social proficiency in order to corroborate the assumption that social proficiency and social interest are linearly related. Another issue concerns the fact that, in our ROI analysis of the NAcc, anticipation of monetary reward did not yield significantly greater activation than anticipation of the monetary control stimuli across groups. This finding is in contrast to other studies on monetary reward anticipation using similar designs (Knutson et al., 2001b; Spreckelmeyer et al., 2009; Thut et al., 1997) . One explanation for this result is that, in our study, task performance did not affect the amount of money participants could earn. Hence, the motivational value of the monetary stimuli was reduced relative to other studies. Also, and perhaps more importantly, we used dynamic stimuli to represent the outcome for both hit and control outcomes, whereas prior studies typically used static stimuli. It is possible that our dynamic control stimulus was more salient than static baseline stimuli in other studies and therefore less discriminative.
Though this finding casts some doubt on the suitability of dynamic stimuli studying monetary reward anticipation, it does not diminish the relevance of our finding that men with a low EQ showed significantly lower NAcc activation during anticipation of social reward than monetary reward, while high-EQ men showed the opposite pattern. Another potential limitation of our design was an imbalance in the number of different stimuli Responses in hit trials were faster in the monetary than the social condition, and in response to reward cues relative to control cues (**p < 0.01). An interaction of 'condition x cue type' indicated that reaction time differences of reward and control cued trials were more pronounced for the SR than the MR condition. 106x74mm (300 x 300 DPI) 
